Mouse models of sickle cell disease.
In the absence of a natural animal model for sickle cell disease, transgenic mouse models have been generated to better understand the complex pathophysiology of the disease and to evaluate potential specific therapies. In the early nineties, the simple addition of human globin genes induced the expression of hemoglobin S (HbS) or HbS-related human hemoglobins in mice still expressing mouse hemoglobin. To increase the proportion of human hemoglobin and the severity of the mouse sickle cell syndrome, the proportion of mouse hemoglobin could be decreased by a combination of mouse alpha- and beta-thalassemic defects, leading to complex genotypes and mild disease. Following the discovery of gene targeting in the mouse embryonic stem cells (ES cells), it was made possible to knock out all mouse adult globin genes (2alpha and 2beta) and to add the human homologous genes elsewhere in the mouse genome. In addition, the human gamma gene of fetal hemoglobin was protecting the fetus from HbS polymer formation. Accordingly, the resulting adult mouse models obtained in 1997, expressing human HbS-only, had a very severe anemia (Hb=5-6 g/dL). In order to survive, these "HbS-only mice" had to reduce the HbS concentration within the red blood cells. The phenotype could be less severe by adding modified human gamma genes, still expressed in adult mice. In 2006, a last "S-only" model was obtained by homologous knock in, replacing the mouse globin genes by human genes. This array of models contributes to better understand the role of different interacting factors in the complexity of sickle cell events, such as red cell defects, changes in blood flow and vaso-occlusion, hyperhemolysis, vascular tone dysregulation, oxidations, inflammation, activation and adhesion of cells, ischemia, reperfusion... In addition, each model has an appropriate usefulness to evaluate experimental therapies in vivo and to perform preclinical studies.